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e.2013.05Abstract Introduction: Susceptibility-weighted imaging offers information about any tissue that
has a different susceptibility from its surrounding structures such as deoxygenated blood, hemosid-
erin, ferritin, and calcium. It can detect minute hemorrhages, old microbleeds as well as thrombosed
veins or sinuses.
Purpose: The aim of this work was to evaluate the importance of susceptibility ’weighted imaging
(SWI) in management of cerebro-vascular strokes.
Patients and methods: The study was conducted upon 50 patients presenting with cerebro-vascular
strokes within 72 h after the onset of the neurological symptoms. All patients were subjected to non-
contrast CT of the brain as well as MRI of the brain including susceptibility weighted MRI.
Results: Among the 50 studied patients, 46 had infarctions (92%), while three patients had hema-
tomas (6%) and one patient (2%) had no infarctions or hematomas but transverse sinus thrombo-
sis. Among the 46 infarctions CT detected hemorrhagic transformation in two patients (4.3%) while
the SWI detected hemorrhagic transformation in ten patients (21.7%). Both the CT and SWI
detected the hematomas in three patients. SWI detected old micro-bleeds in eight patients out of
50 (16%), while CT could not detect any of these micro-bleeds. These eight patients included fourhted imaging; CVS, cerebro-
nce imaging; DWI, diffusion
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84 A.E. Elnekeidy et al.with non-hemorrhagic infarctions, three with hematomas and one with early hemorrhagic transfor-
mation.SWI detected sinus thrombosis in two cases out of 50 (4%), one had hemorrhagic infarc-
tion, and the other had no visible brain insults on CT. Management was planned for each group
according to the presence or absence of hemorrhagic transformation of infarction or associated
old microbleeds.
Conclusions: Susceptibility-weighted imaging is an important technique that allows accurate detec-
tion of early hemorrhagic transformations within acute infarctions as well as detecting old micro-
bleeds thus alarming the treating physician about the devastating complication of anticoagulant
therapies. Also SWI can early detect cerebral venous thrombosis. Thus SWI should be a routine
sequence in the protocol of stroke imaging.
ª 2014 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights
reserved.1. Introduction
Susceptibility-weighted imaging (SWI) is an MRI sequence
aiming to enhance contrast in MR imaging. The susceptibil-
ity information adds valuable data to what is already avail-
able with conventional spin density, T1-, and T2- weighted
imaging. SWI offers information about any tissue that has
a different susceptibility from its surrounding structures
such as deoxygenated blood, hemosiderin, ferritin, and
calcium.1
Cerebro-vascular ischemia from thromboembolism or arte-
riosclerotic stenosis leads to acute infarct with or without hem-
orrhage.2 Studies have shown that SWI is more sensitive in
detecting hemorrhage inside acute infarct lesions than CT
and 2D gradient recalled-echo (2DGRE= T2*) weighted
imaging. SWI is so sensitive that it can detect minute amount
of hemorrhage, putting in consideration that early detection of
hemorrhage inside acute infarction restricts the use of throm-
bolytic drugs and minimize the development of large hema-
toma that need to be evacuated surgically.3
The susceptibility sign referred to intra-arterial thrombus
and is deﬁned as the presence of marked hypointensity within
the intracranial arteries with apparent enlargement of vessel
compared to the contra-lateral vessel diameter due to ‘‘bloom-
ing’’ artifact.4 This is similar to what is known in CT as hyper-
dense middle cerebral artery sign.5
SWI can identify clinically silent microbleeds representing
hemosiderin deposits that are related to microangiopathy. It
has been suggested that these microbleeds may be a marker
for patients at risk for intra-cranial hemorrhage (ICH).6,7
Lobar microbleeds are related to cerebral amyloid
angiopathy (CAA), that usually involves the cortex and
subcortical white matter within the frontal and parietal lobes,
whereas micro-hemorrhages in a deep or infra-tentorial
location typically result from hypertensive or atherosclerotic
micro-angiopathy. In addition to recurrent microbleeds,
CAA can lead to intracranial lobar macrohemorrhages that
need surgical evacuation.8
Cerebral venous sinus thrombosis (CVST) is an infrequent
neurologic condition, which is difﬁcult to diagnose because of
its nonspeciﬁc clinical presentation.9 CVST can be fatal if it re-
mains undiagnosed and if thrombolytic treatment is not
started rapidly.10,11 SWI has become a useful method to detect
CVST early by demonstrating venous stasis and collateral slow
ﬂow. Dural sinus thrombosis causes an increase of deoxyhe-
moglobin concentration in the involved veins. This appearsas a prominent hypointense signal intensity or blooming on
SWI.2
2. Aim of the work
The aim of this work was to evaluate the added value of
susceptibility weighted imaging (SWI) in management of cere-
bro-vascular strokes.
3. Patients
The study was conducted upon 50 patients presenting with
cerebro-vascular strokes within 72 h after the onset of the neu-
rological symptoms. The ﬁfty patients included 32 males and
18 females, their ages ranged between 32 and 79 years with a
mean age of 54 years. Informed written consents were taken
from the patients or their relatives.
4. Methods
All patients were subjected to full history taking and thorough
clinical and neurological examination and neuro-imaging
including non-contrast CT of the brain and MRI which was
performed by a 1.5 Tesla magnet (Avanto Siemens and GE).
The following MRI sequences were performed, including
(a) axial and coronal T2 weighted turbo spin echo (T2 TSE)
utilizing the following parameters: a repetition time (TR) of
3000 ms, an echo time (TE) of 120 ms, a slice thickness of
3 mm, a gap of 0.3 mm, 256 · 256 acquisition matrix,
FOV= 180 mm given an acquisition time of 2 min 51 s (b)
axial and sagittal T1 weighted spin echo (T1 TSE) utilizing
the following parameters: TR of 550 ms, a TE of 15 ms, a
256 · 256 acquisition matrix, a ﬁeld of view of 180 mm, a slice
thickness of 3 mm and a gap of 0.3 mm, given an acquisition
time of 3 min 23 s (c) axial FLAIR utilizing the following
parameters: TR of 8000 ms, a TE of 138 ms, TI 2000 ms a
ﬁeld of view of 180 mm, a slice thickness of 3 mm and a
gap of 0.3 mm (d) susceptibility weighted MRI utilizing the
following parameters: TR of 6400 ms, a TE of 30 ms, a
256 · 256 acquisition matrix, a ﬁeld of view of 280 mm, a slice
thickness of 2.4 mm and a gap of 0.2 mm, given an acquisi-
tion time of 3 min, with minIP reconstruction for the images
(e) diffusion weighted axial MRI imaging with B0 and B1000
values as well as apparent diffusion coefﬁcient (ADC) map
reconstruction.
Table 1 SWI versus CT detection of hemorrhagic transformation within the infarctions.
46 patients with infarctions
36 without hemorrhagic transformation 10 with hemorrhagic transformation
All were negative for hemorrhage by both CT and SWI 10 were positive for hemorrhage by SWI 2 were positive for hemorrhage by CT
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the type of the stroke.
5. Results
Our study included 46 patients with infarctions (92%) (one of
them was venous infarct due to superior sagittal sinus throm-
bosis), three patients with hematomas (6%) and one patient
(2%) with transverse sinus thrombosis still without infarctions
or hematomas.
Among the 46 infarctions, CT detected hemorrhagic trans-
formation in two patients (4.3%) while SWI detected hemor-
rhagic transformation in ten patients (21.7%) (Table 1).
Both CT and SWI clearly detected the large hematomas in
three patients.
SWI detected old micro-bleeds in eight patients out of 50
(16%), while CT could not detect any of these micro-bleeds.
The eight patients with microbleeds included four patients hav-
ing non-hemorrhagic infarctions, three patients with hemato-
mas and one patient with infarction showing early
hemorrhagic transformation.
SWI detected sinus thrombosis in two cases out of 50 (4%),
one had hemorrhagic infarction, and the other had no
infarctions.
Forty-nine patients presented with signs and symptoms of
CVS according to the involved part of the brain while one pa-
tient presented with severe headache without neurological def-
icit due to transverse sinus thrombosis. The 50 cases were
categorized into ﬁve groups according to the presence of
microbleeds or hemorrhagic elements which modiﬁed their
therapeutic protocols (Table 2).Table 2 50 patients distributed into ﬁve groups according to the p
therapeutic protocols.
Group Number of patients MRI, SWI and CT ﬁndings
I 32 Infarctions without hemorrhagic
transformation or micro-bleeds on SWI or
II 10 Infarctions with early hemorrhagic transfor
a. All were diagnosed by SWI
b. Only 2 were diagnosed by CT
c. One patient had microbleeds seen by SW
d. One patient had superior sagittal sinus th
III 4 Infarction without hemorrhagic transformat
but micro-bleeds detected by SWI not CT
IV 3 Hematomas + micro-bleeds detected by SW
V 1 Venous thrombus without infarction or hem
Total 50Group I included 32 patients in whom MRI revealed acute
infarction. SWI showed no foci of blooming within the infarc-
tions, excluding hemorrhagic transformation. SWIs showed
neither micro-bleeds, large foci of hemosiderin deposition
due to previous hemorrhagic lesions nor sinus thrombosis
(Fig. 1). SWI revealed blooming along the left vertebral artery
in one patient within this group, denoting its thrombosis, a
ﬁnding that was proven by CT angiography.
Group II included ten patients in whom MRI detected
acute infarctions. SWI showed foci of blooming within the
infarctions denoting hemorrhagic transformation. In two of
these ten patients, CT showed ﬁne streaks of hyper density
within the infarctions matching with hemorrhagic foci while
in the other eight patients the CT showed no hyper densities
(Figs. 2 and 3).
One of the patients in group II had micro-bleeds detected
only by SWI not by CT. Another patient in this group showed
blooming along the superior sagittal sinus and cortical veins
denoting their thrombosis.
Group III included four patients in whom MRI revealed
acute infarction. SWI showed no foci of blooming within the
infarctions themselves excluding hemorrhagic transformation.
However SWI showed numerous foci of blooming denoting
micro-bleeds distributed mainly in the basal ganglia and to a
lesser extent at the subcortical white matter suggestive of
chronic hypertensive encephalopathy. None of these micro-
bleeds could be detected by the corresponding CTs of these
patients.
Group IV included three patients presented with CVS. In
two patients, small cortical hematomas were detected by
MRI expressing T1 iso-to hyper-intense and T2 low signal.resence of microbleeds or hemorrhagic elements and the chosen
Management
CT
This group was safely treated with full dose
anti-platelet and anticoagulant drugs, only
three patient developed hemorrhagic transformation
on follow up
mation This group was managed by the lowest dose
anti-platelets and anti-thrombotic drugs with
control of their high blood pressures. One of these
patients developed a large hematoma on follow up
leading to increase intracranial pressure with marked
mass eﬀect and was evacuated surgically
I, not by CT
rombosis
ion This group was managed by the lowest dose
anti-platelets and anti-thrombotic drugs with
control of their high blood pressures
I not CT This group was managed surgically in two patients by
evacuation of the hematomas, while the 3rd patient
received supportive measurement in ICU
atomas This patient was managed by the conventional dose
anti-platelets and anti-thrombotic drugs
Figure 1 53 years old male patient presenting with disturbed sensorium. Axial FLAIR (A), DWI (B) and ADC map (C) revealed acute
infarct involving the posteromedial aspect of the left temporal lobe. SWI minIP (D) images revealed no foci of hemorrhagic
transformation within the infarct.MRI diagnosis: left temporal infarction without hemorrhagic transformation.
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expressing T1 iso to hyper-intense and T2 low signal. All
these hematomas showed marked blooming on SWI. Also
the SWI showed numerous foci of blooming denoting mi-
cro-bleeds distributed mainly at the sub-cortical white matter
suggestive of amyloid micro-angiopathy in the ﬁrst two
patients (Fig. 4). The other patient showed numerous foci
of blooming denoting micro-bleeds distributed mainly in the
basal ganglia and to a lesser extent at the subcortical white
matter suggestive of chronic hypertensive encephalopathy
(Fig. 5). None of these micro-bleeds could be detected by
CT, but the large hematomas were clearly identiﬁed. This
group was managed surgically in two patients by evacuation
of the hematomas, while the 3rd patient received medical sup-
portive measurement.
Group V included a female patient, presented with severe
headache. MRI detected no infarction or foci of restricted dif-
fusion with lost signal void on T1 and T2 WI within the left
transverse sinus. SWI showed no foci of blooming within the
brain but showed blooming along the left transverse sinus itselfdenoting its thrombosis (Fig. 6). Non enhanced CT was
unremarkable.
Management was planned for each group according to the
presence or absence of hemorrhagic transformation of infarc-
tion or associated old microbleeds as detailed in Table 2.
The presence of microbleeds or hemorrhagic transformation
of infarctions as in group II and III prevented the use of con-
ventional dose of anti-platelets and anticoagulants aiming to
avoid serous hemorrhagic. Surgical intervention was per-
formed if large hematomas are diagnosed as in group III to
avoid the hazards of their mass effects.
6. Discussion
Susceptibility-weighted imaging (SWI) is a magnetic resonance
technique that exploits the magnetic susceptibility differences
of various tissues, such as de-oxy-hemoglobin, met-hemoglo-
bin, ferritin, hemosiderin and calciﬁcation.2 SWI is not a
new concept, but recent advances have allowed the technique
to be reﬁned with a lot of clinical applications.12
Figure 2 55 years old male patient in presenting with disturbed sensorium.T1 (A),T2 (B) and DWI (C) and ADC (D) images revealed
infarction involving the right side of the pons. SWI minIP (E) images and zooming (F) reveals foci of hemorrhagic transformation within
the infarct Radiological diagnosis. MRI diagnosis: pontine infarction with hemorrhagic transformation.
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may suggest the diagnosis of acute stroke, only brain imaging
studies can conﬁrm the diagnosis and differentiate hemorrhage
from ischemia with high accuracy, and this distinction is
extremely important as the treatment decisions are dependent
on this. Cerebro-vascular ischemia from thromboembolism or
arteriosclerotic stenosis leads to acute infarct with or without
hemorrhage. Accurate early detection of bleeding is crucial
because hemorrhage is a contraindication to the use of antico-
agulant and thrombolytic agents in the acute stroke setting.2
In the current study, early detection of hemorrhagic trans-
formation was conﬁrmed by SWI in 10 out of 46 patients
(21.7%), while the CT detected hemorrhagic transformation
in 2 out of these 46 patients (4.3%). This was in agreement
with multiple studies that have shown that SWI is more sensi-
tive in detecting hemorrhage inside acute infarct lesions than
CT and 2D gradient recalled-echo (T2*)-weighted imaging.3
Haemorrhagic transformation of stroke is observed in approx-
imately 20–40% of all stroke patients within the ﬁrst week of
onset.13 This can be a devastating complication especially, if
the patient is considered for revascularization therapies. Con-
ventional MRI often fails to detect these bleeds in the early
stages of stroke. SWI, which is exquisitely sensitive to magnetic
ﬁeld inhomogeneity, can detect very small bleeds within the in-
farct and make it more conspicuous than T2*W GRE
sequences.3
Based on our results, we are in agreement with Wycliffe
et al.14 and Santhosh et al.3 in that SWI is useful in the evalu-
ation of acute stroke patients being extremely sensitive to even
traces of hemorrhage and has potential diagnostic, as well as
therapeutic, implications in acute stroke patients, and thistechnique should be included in the routine evaluation of
stroke patients where it is essential to rule out the presence
of hemorrhage within the infarct with a high degree of accu-
racy as thrombolysis and even full dose of anticoagulants in
such patients can be catastrophic.
In addition, current guidelines for thrombolytic therapy
indicate that a prior history of intra-cerebral hemorrhage
is also a contraindication to thrombolytic therapy.15 These
guidelines, however, refer to clinically manifest prior hemor-
rhages and hemorrhages diagnosed by head CT; they do
not address the presence of clinically silent micro-bleeds
that are only detected with advanced magnetic resonance
imaging (MRI) sequences such as gradient echo and
susceptibility-weighted imaging (SWI). These micro-bleeds
are most commonly caused by hypertension, cerebral
amyloid angiopathy, or other causes of small-vessel
vasculopathy.16,17
In the current study, SWI detected old micro-bleeds in 8
patients (16%) out of the 50 while CT could not detect any
of these micro-bleeds. These 8 patients included 4 with non-
hemorrhagic infarctions, 3 with hematomas and one with early
hemorrhagic transformation. This was in agreement with Tho-
mas et al.18, Santhosh et al.3 and Mittal et al.2 who reported
that SWI, with its higher sensitivity, identiﬁes numerous
microbleeds unidentiﬁed on routine images.
Studies have demonstrated the presence of microbleeds in
more than half of the patients with primary cerebral bleeds,
one fourth of the patients with ischaemic stroke and less than
10% of the healthy population.19 It has been suggested that
these microbleeds may be a marker for patients at risk for
ICH.6,7
Figure 3 79 years old male patient in presenting with disturbed sensorium. T1 (A) images show hypointense left temporal infarct with
hyperintense foci, T2 (B) and FLAIR (C) show hyperintense signal. SWI (D) shows sizable area of blooming within the infarct conﬁrming
and revealing higher degree of hemorrhagic transformation. MRI diagnosis: sizable infarction in the left temporal lobe with signiﬁcant
hemorrhagic transformation.
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ated with hematomas in three patients, two of them having
typical pattern of amyloid angio-pathy with cortical hemato-
mas, while one patient had a deeply seated hematoma with mi-
cro-bleeds having the distribution of chronic hypertensive
encephalopathy.
Lobar microbleeds are related to cerebral amyloid angiop-
athy CAA (usually involving the cortex and subcortical white
matter within the frontal and parietal lobes), whereas micro-
hemorrhages in a deep or infratentorial location typically re-
sult from hypertensive or atherosclerotic microangiopathy.8
The likelihood of early cerebral bleeds after ischemic stroke
might be increased in patients who had the most vulnerable
micro-vascular system.20 MRI demonstration of microbleeds
could gain even more clinical signiﬁcance if this ﬁnding could
be used to identify patients at increased risk of early cerebral
bleeds. Old microbleeds provide further evidence of severe
microangiopathy with a subsequent increased vascular
vulnerability.21
The information regarding the presence of intra-arterial
thrombus and its location may be useful in planning varioustreatment options and may help in assessing the extent of
infarct and prognosis.4,22
The susceptibility sign denoting intra-arterial thrombus was
seen in one of our cases denoting thrombosis of the left verte-
bral artery, proven by further assessment by CTA and associ-
ated with left cerebellar non hemorrhagic infarction. The
susceptibility effect is attributed to the severe T2 shortening
of high concentrations of deoxyhaemoglobin within the clot.
However, susceptibility artifacts from the paranasal sinuses
and base of the skull can obscure the detection of clots limited
to the intracranial internal carotid arteries, and this is a poten-
tial drawback to this technique, but the SWI can detect small
clots or distally located clots in the arteries away from the skull
base and this may be a potential beneﬁt of the technique.5
In the current study, SWI detected sinus thrombosis dem-
onstrating blooming along the sinus in two cases out of the
50, one had superior sagittal sinus thrombosis with hemor-
rhagic infarction seen as foci of SWI blooming within the in-
farcted areas, while the other patient had left transverse
sinus thrombosis without brain insults. In the last case, SWI
showed left transverse sinus thrombosis, a ﬁnding that was
Figure 4 70 years old male non hypertensive patient. T1 (A), T2 (B)and FLAIR (C) images show a lacunar infarct in the pons, SWI
image(D) revealed multiple foci of old microbleeds in the brain stem and both temporal lobes T1 (E), T2 (F) and FLAIR (G) images show
Involutional brain changes, SWI MinIP (H) images reveals multiple foci of bleeding posteriorly located within both occipital lobes. MRI
diagnosis: cerebral amyloid angiopathy with cortical hematomas.
Figure 5 60 years old hypertensive male patient presenting with right hemiparesis.T1 (A),T2 (B) images show a large left parieto-
occipital early sub-acute hematoma. SWI image (C) revealed multiple foci of old microbleeds in the basal ganglia and both temporal lobes.
The hematoma markedly blooms on SWI with minimal blood seen within the right lateral ventricle.MRI diagnosis: cerebral hematoma
with microbleeds due to chronic hypertensive encephalopathy.
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hyperintense signal in FALIR images on a retrograde review.
Sinus thrombosis was conﬁrmed by complementary MRV, this
is in agreement with Thomas et al.18 who found that suscepti-
bility-weighted imaging with both phase and magnitude infor-
mation facilitates the detection of venous sinus thrombosis
which is otherwise difﬁcult to detect in conventional spin-echo
T2 images.
Cerebral venous sinus thrombosis (CVST) is an infrequent
neurologic condition, which is notoriously difﬁcult to diagnose
because of its nonspeciﬁc clinical presentation.9 Direct evi-
dence of sinus thrombosis such as the ‘‘triangle’’ sign and
the ‘‘empty delta’’ on CT and loss of the normal ﬂow voids
on MR imaging can be easily missed unless clinical suspicion
is high and direct signs are actively sought.23 Indirect signs
of dural venous thrombosis are various, including cerebral ede-
ma, infarction, and hemorrhage. CVST can be potentiallydeadly if it remains undiagnosed and if thrombolytic treatment
is not started in a timely manner.10,11 SWI has become a useful
method to evaluate CVST by demonstrating venous stasis and
collateral slow ﬂow. Dural sinus thrombosis causes an increase
of deoxyhemoglobin concentration in the involved veins. This
appears as a prominent hypointense signal intensity on SWI.2
7. Conclusions
Susceptibility-weighted imaging is an important technique that
allows accurate detection of early hemorrhagic transforma-
tions within acute infarctions as well as detecting old micro-
bleeds thus alarming the treating physician about the
devastating complication of anticoagulant and revasculariza-
tion therapies. Also SWI can early detect cerebral venous
thrombosis. Thus SWI should be a routine sequence in the
protocol of stroke imaging.
Figure 6 58 years old female patient presenting with disturbed sensorium.T1 (A) and T2 (B) images are unremarkable, FLAIR (C)
images show faint hyperintense signal along the course of the left transverse sinus, SWI (D) show blooming along the sinus course In
addition to blooming of the sinus, minIP images (E) revealed congested draining veins, sinus thrombosis is conﬁrmed by MRV (F). MRI
diagnosis: left transverse sinus thrombosis without infarction.
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